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We review recent results on charmonium-like exotic states from the Belle
experiment. The two-photon process γγ → φJ/ψ is measured to search for
Y (4140). No signal for the Y (4140) → φJ/ψ is observed. But a narrow
peak with a significance of 3.2σ deviations including systematic uncertainty
is observed at 4350.6 MeV/c2 that we named X(4350). We also search for
charmonium-like states, including X(3872), Y (4140), X(3915) and X(4350), in
Υ(1S) and Υ(2S) radiative decays. No significant signal of any charmonium-
like state is observed. The processes γγ → V V (V = ω or φ) are also measured
to search for the possible exotic states in low mass region. There are clear
resonant structures in all the decay modes.
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1. Search for the Y (4140) in γγ → φJ/ψ
The CDF Collaboration reported evidence of a state called Y (4140) in
B+ → K+φJ/ψ. No significant signal at Belle was found although the up-
per limit on the production rate does not contradict the CDF measurement.
And also no expected Y (4140) signal was observed at LHCb experiment.1
The Belle Collaboration searched for this state in two-photon produc-
tion3 based on a 825 fb−1 data sample. No Y (4140) signal is observed, and
the upper limit on the product of the two-photon decay width and branching
fraction of Y (4140)→ φJ/ψ is measured to be Γγγ(Y (4140))B(Y (4140)→
φJ/ψ) < 41 eV for JP = 0+, or < 6.0 eV for JP = 2+ at the 90% C.L. for
the first time. The upper limit on Γγγ(Y (4140))B(Y (4140)→ φJ/ψ) from
this experiment is lower than the prediction of 176+137
−93 eV for J
PC = 0++,
or 189+147
−100 eV for J
PC = 2++ (calculated by using the numbers in Ref.2).
This disfavors the scenario of the Y (4140) being a D∗+s D
∗−
s molecule with
JPC = 0++ or 2++.
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Evidence is reported for a narrow structure at 4.35 GeV/c2 in the
φJ/ψ mass spectrum in γγ → φJ/ψ (see Fig. 1). From the fit, a sig-
nal of 8.8+4.2
−3.2 events, with statistical significance of 3.2σ, is observed. The
mass and natural width (named X(4350)) are measured to be 4350.6+4.6
−5.1±
0.7 MeV and 13.3+18
−9 ± 4.1 MeV, respectively. The products of its two-
photon decay width and branching fraction to φJ/ψ is measured to be
Γγγ(X(4350))B(X(4350) → φJ/ψ) = 6.4
+3.1
−2.3 ± 1.1 eV for J
P = 0+, or
1.5+0.7
−0.5 ± 0.3 eV for J
P = 2+. It is noted that the mass of this struc-
ture is consistent with the predicted values of a cc¯ss¯ tetraquark state with
JPC = 2++ in Ref.4 and a D∗+s D
∗−
s0 molecular state in Ref.
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Fig. 1. The φJ/ψ invariant mass distribution of the final candidate events. The open
histogram shows the experimental data. The solid curve is the best fit, the dashed curve is
the background, and the shaded histogram is from normalized φ and J/ψ mass sidebands.
2. Search for charmonium-like states in Υ(1S) and Υ(2S)
radiative decays
To better understand the so-called “XY Z particles”, it is necessary to
search for such states in more production processes and/or decay modes. For
charge-parity-even charmonium-like states, radiative decays of the narrow
Υ states below the open bottom threshold can be examined. The data used
in such analysis6,7 include 102 million Υ(1S) events and 158 million Υ(2S)
events.
The X(3872) signal is searched for via X(3872) → pi+pi−J/ψ and
pi+pi−pi0J/ψ processes. Except for a few residual ISR produced ψ(2S) sig-
nal events, only a small number of events appear in the pi+pi−J/ψ invariant
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mass distributions for both Υ(1S) and Υ(2S) decays. In the pi+pi−pi0J/ψ
invariant mass distributions, we observe two events in the Υ(1S) data with
masses of 3.67 GeV/c2 and 4.23 GeV/c2; while a few events in the Υ(2S)
data.
We search for the X(3915) in the ωJ/ψ mode. No event is observed
within the X(3915) mass region in Υ(1S) data; while there is one event
with m(pi+pi−pi0J/ψ) at 3.923 GeV/c2 and m(pi+pi−pi0) at 0.790 GeV/c2
from Υ(2S) data.
We also search for the Y (4140) in both Υ(1S) and Υ(2S) data, and
X(4350) in Υ(2S) data only in the φJ/ψ mode. Nor are there candidate
events in the Y (4140) or X(4350) mass regions. Table 1 lists final results for
the upper limits on the branching fractions of Υ(1S) and Υ(2S) radiative
decays.
Table 1. Summary of the limits on Υ(1S) and Υ(2S)
radiative decays to charmonium-like states R. Here
B(Υ→ γR)up (BR) is the upper limit at the 90% C.L.
on the product branching fraction in the case of a char-
monium-like state.
State (R) BR (Υ(1S)) BR (Υ(2S))
X(3872)→ pi+pi−J/ψ 1.6× 10−6 0.8× 10−6
X(3872) → pi+pi−pi0J/ψ 2.8× 10−6 2.4× 10−6
X(3915) → ωJ/ψ 3.0× 10−6 2.8× 10−6
Y (4140)→ φJ/ψ 2.2× 10−6 1.2× 10−6
X(4350) → φJ/ψ · · · 1.3× 10−6
3. Observation of new resonant structures in γγ → ωφ, φφ
and ωω
Recently in the two-photon processes γγ → ωJ/ψ and φJ/ψ, a state
X(3915)8 and an evidence for X(4350)3 were observed, respectively. It is
natural to extend the above theoretical picture to similar states coupling
to ωφ, since the only difference between such states and the X(3915)8 or
X(4350)3 is the replacement of the cc¯ pair with a pair of light quarks. States
coupling to ωω or φφ could also provide information on the classification
of the low-lying states coupled to pairs of light vector mesons.
The γγ → V V cross sections are shown in Fig. 2.9 The fraction of cross
sections for different JP values as a function of M(V V ) is also shown in
Fig. 2. We conclude that there are at least two different JP components
(J = 0 and J = 2) in each of the three final states. The inset also shows
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the distribution of the cross section on a semi-logarithmic scale, where, in
the high energy region, we fit the W−nγγ dependence of the cross section.
We observe clear structures at M(ωφ) ∼ 2.2 GeV/c2, M(φφ) ∼
2.35 GeV/c2, and M(ωω) ∼ 2.0 GeV/c2. While there are substantial spin-
zero components in all three modes, there are also spin-two components
near threshold.
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Fig. 2. The cross sections of γγ → ωφ (a), φφ (b), and ωω (c) are shown as points with
error bars. The fraction contributions for different JP values as a function of M(V V )
are shown as the points and squares with error bars.
4. Summary
We review some results on exotic states search from the Belle experiment
in two-photon processes γγ → φJ/ψ, V V (V = ω or φ) and also in Υ(1S)
and Υ(2S) radiative decays.
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